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Background Standard ﬁrst-line antiretroviral therapy for HIV-1 infection includes two nucleoside or nucleotide reverse
transcriptase inhibitors (NtRTIs), but these drugs have limitations. We assessed the 96 week eﬃcacy and safety of an
NtRTI-sparing regimen.
Methods Between August, 2010, and September, 2011, we enrolled treatment-naive adults into this randomised, openlabel, non-inferiority trial in treatment-naive adults in 15 European countries. The composite primary outcome was
change to randomised treatment before week 32 because of insuﬃcient virological response, no virological response
by week 32, HIV-1 RNA concentration 50 copies per mL or higher at any time after week 32; death from any cause;
any new or recurrent AIDS event; or any serious non-AIDS event. Patients were randomised in a 1:1 ratio to receive
oral treatment with 400 mg raltegravir twice daily plus 800 mg darunavir and 100 mg ritonavir once daily (NtRTIsparing regimen) or tenofovir–emtricitabine in a 245 mg and 200 mg ﬁxed-dose combination once daily, plus 800 mg
darunavir and 100 mg ritonavir once daily (standard regimen). This trial was registered with ClinicalTrials.gov,
number NCT01066962.
Findings Of 805 patients enrolled, 401 received the NtRTI-sparing regimen and 404 the standard regimen, with
median follow-up of 123 weeks (IQR 112–133). Treatment failure was seen in 77 (19%) in the NtRTI-sparing group
and 61 (15%) in the standard group. Kaplan-Meier estimated proportions of treatment failure by week 96 were 17·8%
and 13·8%, respectively (diﬀerence 4·0%, 95% CI –0·8 to 8·8). The frequency of serious or treatment-modifying
adverse events were similar (10·2 vs 8·3 per 100 person-years and 3·9 vs 4·2 per 100 person-years, respectively).
Interpretation Our NtRTI-sparing regimen was non-inferior to standard treatment and represents a treatment option
for patients with CD4 cell counts higher than 200 cells per μL.
Funding European Union Sixth Framework Programme, Inserm-ANRS, Gilead Sciences, Janssen Pharmaceuticals,
Merck Laboratories.

Introduction
The recommended initial therapy for infection with
HIV-1 in Europe is combination antiretroviral therapy
that includes two nucleoside or nucleotide analogue
reverse transcriptase inhibitors (NtRTIs) and a nonnucleoside reverse transcriptase inhibitor, a ritonavirboosted protease inhibitor, or an integrase
strand-transfer inhibitor.1 Despite being recommended
for all ﬁrst-line regimens, the tolerability and toxicity
proﬁles of NtRTIs are limiting. For instance, the ﬁxeddose combination of tenofovir and emtricitabine, which
is the cornerstone of initial therapy, is associated with
renal and bone complications.2–4 These drawbacks have
led to the investigation of alternative combinations that
do not contain NtRTIs to expand treatment options. So
far, no NtRTI-sparing ﬁrst-line regimen has shown
satisfactory eﬃcacy and safety proﬁles in a fully powered
phase 3 trial.

Darunavir is a drug with potent antiviral activity and a
favourable safety proﬁle.5,6 First-line treatment with
raltegravir, the ﬁrst-approved inhibitor of integrase strand
transfer, results in a rapid reduction of HIV viral load
when given in combination with other antiretrovirals7,8
and has no expected clinically relevant pharmacokinetic
interaction with ritonavir-boosted darunavir.9 A regimen
of raltegravir plus ritonavir-boosted darunavir combines
two potent antiretrovirals, each of which has demonstrated
tolerability and durable antiviral eﬃcacy, and avoids toxic
eﬀects associated with NtRTIs. This treatment could,
therefore, represent an alternative option for the initial
treatment of adults infected with HIV-1.
We did a randomised phase 3 strategic trial to compare
the NtRTI-sparing regimen of raltegravir and ritonavirboosted darunavir with one of the recommended
standard three drug regimens, tenofovir–emtricitabine
plus ritonavir-boosted darunavir in treatment-naive
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adults. We hypothesised that the NtRTI-sparing strategy
would have non-inferior eﬃcacy to and a better safety
proﬁle than the standard regimen.

Methods
Study design and patients
NEAT001/ANRS143 was a randomised, open-label,
non-inferiority trial done in 78 clinical sites in 15 European
countries (appendix p 1) between August, 2010, and
October, 2013. Patients were recruited between August,
2010, and September, 2011. Eligible patients had plasma
viral loads higher than 1000 HIV RNA copies per mL and
no evidence of major International Antiviral Society-USA
resistance mutations10 on genotype testing, historically or at
screening. Participants had to have CD4 cell counts of less
than 500 cells per μL, except in those with symptomatic
HIV infection, in line with the European recommendations
for starting treatment.11 Patients were excluded if they were
receiving treatment for mycobacteriosis or malignant
disease, tested positive for HBsAg, were pregnant or had
relevant abnormal laboratory results or medical characteristics, including moderate to severe hepatic impairment, an
anticipated need for hepatitis C treatment during the ﬁrst
year of the trial, and an estimated creatinine clearance less
than 60 mL/min. The eligibility criteria were selected to
enrol a study population similar to that in the trial that
established the eﬃcacy of the standard regimen tenofovir–
emtricitabine plus ritonavir-boosted darunavir.12
Ethics committee approval was obtained from all
participating centres, in accordance with the principles
of the Declaration of Helsinki. All trial participants gave
written informed consent.

12–16 weeks thereafter. All patients remained in the study
until the last patient enrolled had completed the week 96
visit. Each visit included assessment of vital signs and
adverse events, physical examination, and collection of
blood samples for full blood cell counts and serum
chemistry, liver function and immunovirological
measurements. CD4 cell counts and viral loads in plasma
were measured at all visits except week 2. Fasting lipid and
glucose concentrations in serum were measured at all
visits except weeks 18, 32, 64, and 80. Glomerular ﬁltration
rate was estimated by the Cockcroft-Gault formula.13 HIV
RNA measurements in plasma and testing for antiretroviral
resistance by genotype sequencing were done at local
laboratories with commercially available viral load assays
and standardised genotypic resistance tests, with no
change in the kits throughout the trial. Genotypic analysis
was done at screening and at all visits from 32 weeks
onwards for patients who had HIV-1 RNA concentrations
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940 patients screened

135 excluded
82 did not meet inclusion criteria or met
exclusion criteria
5 had resistance mutations
21 withdrew (by patient or physician decision)
1 lost to follow up
8 had no reason recorded
16 did not have the information
needed in the screening window
2 administrative errors

805 randomised

805 included in analysis

Randomisation and masking
Patients were randomly assigned in a 1:1 ratio to receive
oral treatment with 400 mg raltegravir twice daily plus
800 mg darunavir and 100 mg ritonavir once daily
(NtRTI-sparing regimen) or tenofovir–emtricitabine in a
245 mg and 200 mg ﬁxed dose combination once daily,
plus 800 mg darunavir and 100 mg ritonavir once daily
(standard regimen). In both regimens darunavir was
administered as two 400 mg tablets.12
The randomisation list was generated by the trial
statistician before the start of the study, who used
permuted blocks of randomly varying sizes, and was
stratiﬁed by country and prespeciﬁed participation in the
viral and immunological dynamics and inﬂammation
substudy. A central, secure, web-based randomisation
tool enabled staﬀ at the clinical trial units to randomise
patients at the baseline visit. Allocation was masked until
randomisation, after which treatment was open label, but
only the trial statistician had access to the entire
randomisation list during the trial.

Superiore di Sanità, Rome, Italy
(S Vella MD); and Chelsea and
Westminster NHS Foundation
Trust, London, UK
(A Pozniak MD)

401 assigned to RAL+DRV/r

404 assigned to TDF–FTC+DRV/r

38 did not reach 96 weeks
11 withdrew
4 died
23 lost to follow-up
(14 lost contact, nine
moved from area)

363 reached 96 weeks

15 did not complete
follow-up
3 withdrew
12 lost to follow-up
(ten lost contact,two
moved from area)

348 completed follow-up

22 did not reach 96 weeks
11 withdrew
11 lost to follow-up
(nine lost contact, two
moved from area)

382 reached 96 weeks

16 did not complete
follow-up
3 withdrew
1 died
12 lost to follow-up
(nine lost contact, three
moved from area)
366 completed follow-up

Study procedures
Patients attended study centres at screening, baseline,
weeks 2, 4, 8, 12, 18, 24, 32, 48, 64, 80, and 96, and every
www.thelancet.com Vol 384 November 29, 2014

Figure 1: Trial proﬁle
RAL=raltegravir. DRV/r=ritonavir-boosted darunavir. TDF–FTC=tenofovir–emtricitabine.
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RAL+DRV/r (n=401)

TDF–FTC+DRV/r (n=404)

352 (88%)

358 (89%)

Sex
Male
Median (IQR) age (years)

37 (31–45)

39 (31–46)

Endpoints

Ethnic origin
White

328 (82%)

330 (82%)

Black

54 (13%)

47 (12%)

Asian

9 (2%)

10 (2%)

Other

10 (3%)

17 (4%)

272 (72%)

279 (72%)

97 (26%)

98 (25%)

Intravenous drug use

9 (2%)

11 (3%)

Blood or blood product receipt

1 (<1%)

0

Other

3 (1%)

4 (1%)
332 (82%)

Mode of HIV infection*
Homosexual/bisexual sex
Heterosexual sex

HIV CDC clinical stage
A

334 (83%)

B

48 (12%)

53 (13%)

C

19 (5%)

19 (5%)

Median (IQR) CD4 cell count (cells per μL)

340 (260–394)

325 (248–401)

CD4 cell count category (cells per μL)
<50

11 (3%)

18 (5%)

50–199

49 (12%)

45 (11%)

200–349

160 (40%)

173 (43%)

350–499

157 (39%)

151 (37%)

24 (6%)

17 (4%)

≥500

4·78 (4·30–5·17)

Median (IQR) HIV-1 RNA concentration at
baseline (log10 copies per mL)

in plasma of 500 copies per mL or higher. Safety was
assessed at all visits by monitoring of all adverse and
serious adverse events, vital signs, and laboratory values.

4·75 (4·32–5·12)

The primary outcome was the time to virological or
clinical failure, deﬁned as the ﬁrst occurrence of any of
the following components: change of any component of
the initial randomised regimen before week 32 because
of documented insuﬃcient virological response (deﬁned
as reductions of less than 1 log10 copies per mL in HIV-1
RNA by week 18 or HIV-1 RNA 400 copies per mL or
higher at week 24); failure to achieve virological response
by week 32 (deﬁned as HIV-1 RNA concentrations of
50 copies per mL or higher); HIV-1 RNA concentrations
of 50 copies per mL or higher at any time after week 32;
death from any cause; any new or recurrent AIDS event;
or any serious non-AIDS event (infection, liver cirrhosis,
chronic renal disease, cardiovascular event, and
non-AIDS-related malignant disease). AIDS events and
serious non-AIDS events had to be conﬁrmed by the
endpoint review committee, whose members were
unaware of patients’ treatment groups. All virological
components of the primary endpoint had to be
conﬁrmed by a second measurement after virological
failure was suspected. The secondary endpoints were
changes from baseline in CD4 cell count, incidence and
severity of adverse events, changes in laboratory
parameters, and genotypic evidence of resistance.

Baseline HIV-1 RNA category
≥100 000 copies per mL

146 (36%)

129 (32%)

≥500 000 copies per mL

25 (6%)

21 (5%)

16 (4%)

18 (4%)

HCV co-infection

Statistical analyses

Data are number (%) unless stated otherwise. RAL=raltegravir. DRV/r=ritonavir-boosted darunavir. TDF–FTC=tenofovir–
emtricitabine. CDC=Centers for Disease Control and Prevention. HCV=hepatitis C virus. *Percentages are based only on
patients with available data (RAL+DRV/r n=378, TDF-FTC+DRV/r n=389); seven patients had more than one risk factor
(RAL+DRV/r n=4, TDF–FTC+DRV/r n=3).

Table 1: Baseline characteristics

Total patients meeting primary endpoint during follow-up

RAL+DRV/r
(n=401)

TDF–FTC+DRV/r
(n=404)

77 (19·2%)

61 (15·3%)

Changed regimen because of insuﬃcient response
<1 log10 copies per mL reduction in HIV RNA concentration at week 18

1

HIV RNA concentration ≥400 copies/ per mL at week 24

0

0
0

HIV RNA concentration ≥50 copies per mL at week 32

27

28

HIV RNA concentration ≥50 copies per mL after week 32

33

22

Death

3

1

AIDS event

5

3

Serious non-AIDS event

8

7

If a patient reached more than one component, only the ﬁrst was taken into account. RAL=raltegravir. DRV/r=ritonavirboosted darunavir. TDF–FTC=tenofovir–emtricitabine.

Table 2: Patients who met the primary endpoint

1944

An upper bound of the two-sided 95% CI for the
absolute diﬀerence in the proportion of participants
reaching the primary endpoint by week 96 was set at
9% for the non-inferiority threshold for the
NtRTI-sparing regimen. This limit was chosen by a
panel of European HIV experts and approved by the
trial steering committee. We assumed cumulative
probability of failure of 20% in the standard regimen
group, based on a previous 96-week analysis that was
reanalysed to mirror our endpoint deﬁnition.12 Thus,
we calculated that a sample size of 400 assessable
patients per group would be required to provide 85%
power to identify non-inferiority if the two regimens
were equally eﬃcacious, at a two-sided signiﬁcance
level of 5%. The 9% non-inferiority margin would,
therefore, correspond to a hazard ratio (HR) of 1·53 if
an exponential distribution for time to the primary
outcome was achieved.
The primary endpoint was assessed with the
Kaplan-Meier method and adjusted for stratiﬁcation
factors. The two treatment groups were compared as
randomised, according to the intention-to-treat principle,
with censoring of observations at the ﬁrst date of
meeting the primary endpoint, completion of 96 weeks
of follow-up, last time the primary endpoint status was
known, or date of withdrawal. For patients with at least
www.thelancet.com Vol 384 November 29, 2014
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Probability of reaching primary endpoint

1·00

RAL+DRV/r
TDF–FTC+DRV/r

0·75

0·50

0·25

0
0

4

8

12

18

24

32

48

64

80

96

112

128

144

315
340

306
331

210
215

89
90

11
12

Time (weeks)
Number
at risk
RAL+DRV/r 400 391 389 386
TDF–FTC+ 402 399 398 396
DRV/r

383
395

378
394

375
393

346
361

327
350

Figure 2: Kaplan-Meier plot of time from randomisation to primary endpoint
RAL=raltegravir. DRV/r=ritonavir-boosted darunavir. TDF–FTC=tenofovir–emtricitabine.

one component of the primary endpoint the results are
summarised as number (%). We speciﬁed subgroup
analyses of the primary endpoint by baseline CD4 cell
count and HIV-1 RNA concentration. Data were analysed
with Stata (version 12.1).
Prespeciﬁed secondary eﬃcacy analyses were a
per-protocol analysis, censoring of events if any
component of the initial randomised trial treatment was
stopped, an intention-to-treat analysis that included
treatment modiﬁcation as a component of failure, and an
assessment of time to loss of virological response by
week 48 and week 96 (deﬁned as meeting any of the
virological components of the primary outcome or
change to the allocated regimen for any reason). All
secondary endpoints were assessed with statistical
methods testing for superiority.
An independent data monitoring committee reviewed
safety and eﬃcacy data on three occasions. The monitoring
guidelines stated that the independent data monitoring
committee was to inform the trial steering committee if
there was either unequivocal evidence (based on the
Haybittle-Peto criterion14 of a treatment diﬀerence of at
least 3 SD) that one of the two regimens was clearly
clinically indicated in all or a subgroup of participants, or if
there was good evidence (based on a treatment diﬀerence
of at least 2 SD) that the standard regimen was superior to
the NtRTI-sparing regimen in terms of the primary
outcome to an extent that meant non-inferiority was
unlikely to be seen with continued enrolment, follow-up,
www.thelancet.com Vol 384 November 29, 2014

or both. The committee recommended that the study
proceed without change after each review. This trial was
registered with ClinicalTrials.gov, number NCT01066962.

Roles of the funding sources
The funders of the study other than Inserm-ANRS had
no role in study design, data collection, data analysis,
data interpretation, or writing of the report. Inserm-ANRS
had a role in study design, data collection, data analysis,
data interpretation, and approval of the ﬁnal report. The
corresponding author had full access to all the data in the
study and had ﬁnal responsibility for the decision to
submit for publication.

Results
Of 940 patients screened 135 were excluded (ﬁgure 1). Of
the 805 enrolled, 401 were randomised to receive the
NtRTI-sparing regimen and 404 to the standard regimen.
Seven patients did not start the allocated regimen (one in
the NtRTI-sparing group withdrew at randomisation and
two started on non-randomised or non-study regimens;
three in the standard group withdrew and one started on
a non-study regimen). Baseline demographics and
clinical characteristics were similar in the two treatment
groups (table 1). Median follow-up was 123 weeks (IQR
112–133).
During follow-up, 77 (19%) patients taking the
NtRTI-sparing regimen and 61 (15%) taking the standard
regimen experienced treatment failure as deﬁned by the
1945
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RAL+DRV/r (%)

TDF–FTC+
DRV/r (%)

4·0 (–0·8 to 8·8)

17·8

13·8

3·9 (–0·7 to 8·6)

16·0

12·1

Without treatment change

3·7 (–1·0 to 8·5)

17·7

14·0

≥200 copies per mL in place of ≥50 copies per mL

5·5 (2·0 to 9·0)

10·5

5·0

Virological components only

3·6 (–0·9 to 8·2)

15·5

11·8

A

Adjusted diﬀerence in
proportions of failure
at W96 (%, 95% CI)

Primary endpoint
Without SNAIDS events

Clinical components only

1·5 (–0·6 to 3·7)

3·9

2·4

Per-protocol analysis

3·2 (–1·3 to 7·7)

15·8

12·6

Including treatment discontinuation for virological reasons

4·0 (–0·8 to 8·9)

17·7

13·6

Including treatment discontinuation for any reason

3·3 (–1·9 to 8·5)

23·0

19·7

–3

–2

–1

0

1

2

3

4

5

6

7

8

9

10

Adjusted diﬀerence in proportions of failure at W96 (%, 95% CI)

Adjusted diﬀerence in
proportions of failure
at W96 (%, 95% CI)

B

RAL+DRV/r (%)

TDF–FTC+DRV/r (%)

Baseline HIV RNA <100 000 copies per mL

0·1 (–3·8 to 4·0)

7·4

7·3

Baseline HIV RNA ≥100 000 copies per mL

9·6 (–0·1 to 20·1)

36·8

27·3

CD4 cell count <200 cells per μL

22·3 (7·4 to 37·1)

43·2

20·9

CD4 cell count ≥200 cells per μL

1·4 (–3·5 to 6·3)

13·7

12·3

–5

0

5

10

15

20

25

30

35

40

Adjusted diﬀerence in proportions of failure at W96 (%, 95% CI)

Figure 3: Kaplan-Meier estimates of proportion of patients in each group reaching endpoints at week 96
(A) Primary, sensitivity, and secondary analyses around the primary endpoint. (B) Analyses by baseline HIV-1 RNA concentration and CD4 cell count. W96=week 96. RAL=raltegravir. DRV/r=ritonavirboosted darunavir. TDF–FTC=tenofovir–emtricitabine. SNAIDS=serious non-AIDS event.

primary endpoint (table 2). At week 96, the Kaplan-Meier
estimated proportions of treatment failure in the primary
intention-to-treat analysis were 17·8% in the NtRTI-sparing
group and 13·8% in the standard group (ﬁgure 2). The
adjusted diﬀerence in treatment failure rate between
groups was 4·0% (95% CI –0·8 to 8·8), which met the
non-inferiority criterion. The HR for meeting the primary
endpoint with the NtRTI-sparing regimen during all
follow-up was 1·34 (95% CI 0·96–1·88). Sensitivity and
secondary analyses supported non-inferiority (ﬁgure 3).
In the per-protocol analysis, the estimated treatment
failure at 96 weeks was 15·8% for the NtRTI-sparing
regimen and 12·6% for the standard regimen, and the
adjusted diﬀerence in treatment failure rate between
groups was 3·2% (95% CI –1·3 to 7·7; ﬁgure 3). The
numbers of patients at risk of treatment failure at week 96
were 286 in the NtRTI-sparing group and 311 in the
standard regimen group. The HR for the primary endpoint
in the per-protocol analysis during all follow-up was 1·30
(95% CI 0·91–1·87).
Subgroup analyses showed that the NtRTI-sparing
regimen was inferior to the standard regimen in patients
with baseline CD4 cell counts of less than 200 cells per μL
1946

(ﬁgure 3). The interaction test for the Kaplan-Meier
estimated treatment diﬀerence at week 96 in patients
with CD4 counts of less than 200 cells per μL versus in
those with 200 cells per μL or higher was signiﬁcant
(interaction test, p=0·010). A non-signiﬁcant diﬀerence
towards more failures in the NtRTI-sparing group was
also seen in patients with HIV-1 RNA concentrations in
plasma of 100 000 copies per mL or higher at baseline
(interaction test, p=0·10). An exploratory post-hoc analysis
that combined the eﬀects of CD4 cell count and viral load
at baseline indicated that the inferiority of the NtRTIsparing regimen was restricted to patients with baseline
CD4 cell counts of less than 200 cells per μL and HIV-1
RNA concentrations higher than 100 000 copies per mL
(table 3). CD4 cell counts increased from baseline to
week 96 in both treatment groups, by a mean of 268 cells
per μL (95% CI 250–284) in the NtRTI-sparing group
and 266 cells per μL (250–283) in the standard group
(p=0·929). Mean change from baseline at week 96 for
CD4 percentage was 11·0% (95% CI 10·3–11·6) in the
NtRTI-sparing group and 12·1% (11·5–12·7) in the
standard group (p=0·013). The estimated proportions of
participants whose CD4 cell counts increased to more
www.thelancet.com Vol 384 November 29, 2014

Articles

Baseline CD4 cell count <200 cells
per μL and HIV RNA concentration
<100 000 copies per mL (n=46)

Baseline CD4 cell count ≥200 cells
per μL and HIV RNA concentration
<100 000 copies per mL (n=484)

Baseline CD4 cell count <200 cells
per μL and HIV RNA concentration
≥100 000 copies per mL (n=77)

Baseline CD4 cell count ≥200 cells
per μL and HIV RNA concentration
≥100 000 copies per mL (n=198)

RAL+DRV/r

RAL+DRV/r

RAL+DRV/r

RAL+DRV/r

TDF–FTC+DRV/r

TDF–FTC+DRV/r

TDF–FTC+DRV/r

TDF–FTC+DRV/r

Number meeting endpoint

3/23

3/23

19/232

21/252

23/37

12/40

32/109

25/89

Proportion meeting primary
endpoint

9·4%

9·0%

7·1%

7·1%

60·1%

29·9%

26·5%

28·4%

Diﬀerence (95% CI)

0·4%
(–13·7 to 14·6)*

··

0%
(–3·9 to 3·9)

··

30·3%
(13·8 to 46·8)

··

–1·9%
(–13·9 to 10·0)

··

RAL=raltegravir. DRV/r=ritonavir-boosted darunavir. TDF–FTC=tenofovir–emtricitabine. *Diﬀerence unadjusted because of very small numbers in this group.

Table 3: Kaplan-Meier estimates of proportions of patients meeting primary endpoint at week 96
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A

Percentage of participants (95% CI)

100

80

60

40

20
RAL+DRV/r, 89·4% (95% CI 85·7–92·4)
TDF–FTC+DRV/r, 93·3% (95% CI 90·3–95·6)
0
0

4

8

12

18

24

32

48

64

80

96

B
100

80
Percentage of participants (95% CI)

than 500 cells per μL during follow-up were 84% and
82%, respectively. Time from randomisation to reach
counts higher than this threshold was signiﬁcantly
shorter in the NtRTI-sparing group than in the standard
group (median 17 weeks [IQR 5–64] vs 24 weeks [8–91];
log-rank p=0·042).
At week 96, the proportions of patients with fewer than
50 copies per mL of HIV-1 RNA in plasma and fewer than
200 copies per mL of HIV-1 RNA in plasma in the two
groups are shown in ﬁgure 4. Estimated proportions of
patients without loss of virological response were 87·6%
in the NtRTI-sparing and 89·7% in the standard group at
week 48 (adjusted diﬀerence 2·2%, 95% CI –0·9 to 5·3)
and 78·6% and 82·2% at week 96 (3·6%, –1·5 to 8·6;
log-rank p=0·158).
Among patients who underwent genotype testing to
assess emerging resistance at the time of virological failure,
treatment-emergent resistance was seen in no patients in
the standard group and in six (21%) of 29 in the NtRTIsparing group, ﬁve of whom had resistance to integrase
and one to NtRTI (table 4). Among those with the major
integrase resistance mutations, four had baseline HIV-1
RNA concentrations in plasma higher than 500 000
copies/mL and one of 146 445 copies/mL (appendix p 1).
Discontinuation of the randomised regimen for any
reason was signiﬁcantly higher for the NtRTI-sparing
regimen than for the standard regimen (14∙8% vs 9∙1%,
adjusted diﬀerence 5∙8%, 95% CI 2∙0 to 10∙0) but more
patients discontinued after reaching the primary
endpoint in the NtRTI-sparing group (36 [44%] vs eight
[16%]). Permanent discontinuation because of a
treatment-limiting adverse event was similar in the two
groups (1∙5% vs 2∙6%, adjusted difference –1∙2%,
95% CI –3∙1 to 0∙7). During follow-up, safety outcomes
in the two treatment groups were similar. Rates of
adverse events leading to treatment modiﬁcation were
low for all grades (34 adverse events, 3·9 per 100 patientyears in the NtRTI-sparing group vs 38, 4·2 per
100 patient-years in the standard group) and also did not
diﬀer between groups for treatment-modifying grade
3–4 events (appendix p 2). Rates of serious adverse
events were also similar in the two groups (89 events in
73 patients, 10·2 per 100 patient-years vs 75 events in
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Figure 4: Virological response, by treatment group
Data are proportion (95% CI), based on available viral load data. (A) Patients with HIV-1 RNA concentrations lower
than 50 copies per mL. (B) Patients with HIV-1 RNA concentrations lower than 200 copies per mL. RAL=raltegravir.
DRV/r=ritonavir-boosted darunavir. TDF–FTC=tenofovir–emtricitabine.

61 patients, 8·3 per 100 patient-years, p=0∙198).
Five patients died: four in the NtRTI-sparing group
(one from each of melanoma, suicide, Burkitt’s
1947
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RAL+DRV/r
(n=401)

TDF–FTC+
DRV/r
(n=404)

All PDVF

66

52

Total number of patients who met criteria
for genotype testing*

36

15

PDVF patients meeting criteria for
genotype testing

33

9

3

6

29

13

6

0

No PDVF patients meeting criteria for
genotype testing
Patients undergoing genotyping
Major resistance mutations
Reverse transcriptase

1†

0

Protease

0

0

Integrase

5‡

0

RAL=raltegravir. DRV/r=ritonavir-boosted darunavir. TDF–FTC=tenofovir–
emtricitabine. PDVF=protocol-deﬁned virological failure. *Genotypic testing carried
out by local laboratories when patients had a single viral load >500 copies/mL at or
after week 32 up to the end of follow up. †Lys65Arg mutation. ‡Asn155His
mutation.

Table 4: Virological failure and emerging resistance mutations per trial arm

lymphoma, and severe sepsis with organ failure after
drug rash with eosinophilia and systemic symptoms;
the latter was deemed possibly related to study
treatment) and one in the standard group (morphine
overdose). Grade 2–4 rash was seen in 11 patients
(1·3 per 100 patient-years) with the NtRTI-sparing
regimen and in 14 patients (1·6 per 100 patient-years)
with the standard regimen (p=0·610). Three and six of
these patients, respectively, discontinued randomised
treatment but did not leave the trial. No patients had
grade 4 rash. Immune reconstitution syndrome events
were conﬁrmed in two patients in the NtRTI-sparing
group and one in the standard group.
Concentrations of fasting total cholesterol, HDL
cholesterol, and LDL cholesterol in serum increased
over time in the two treatment groups, with mean
increases by week 96 being signiﬁcantly higher in the
NtRTI-sparing than in the standard group (total
cholesterol 0·9 vs 0·5 mmol/L, p<0·001; HDL cholesterol
0·2 vs 0·1 mmol/L, p<0·001; and LDL cholesterol 0·5 vs
0·4 mmol/L, p=0·021). By week 96, no diﬀerence was
seen between groups in the mean changes in the ratio of
total cholesterol to HDL cholesterol or of triglyceride
concentrations. Estimated creatinine clearance from
baseline at week 96 was increased by a mean of
0·8 mL/min in the NtRTI-sparing group and decreased
by a mean of –4·6 mL/min in the standard group
(p<0·001). No patient in either group had grade 2 or
higher increases in creatinine concentration. The
numbers of patients with grade 3 or 4 treatmentemergent increases in creatine phosphokinase concentration were 24 (6%) in the NtRTI-sparing group and
20 (5%) in the standard group, and of grade 3–4 increases
in alanine aminotransferase concentrations were 12 (3%)
and four (1%; p=0·036).
1948

Discussion
NEAT001/ANRS143 was a fully powered phase 3 trial of
an innovative NtRTI-sparing treatment regimen that uses
an integrase strand-transfer inhibitor and a ritonavirboosted protease inhibitor, compared with an NtRTI-based
standard regimen, as ﬁrst-line antiretroviral therapy. The
NtRTI-sparing regimen was well tolerated and exhibited
non-inferior eﬃcacy. Non-inferiority was supported by
sensitivity and secondary analyses, including a
per-protocol analysis. When extending causes of
treatment failure by including treatment discontinuation
for any reason along with the components of the clinical
and virological endpoint, we found that non-inferiority
was maintained. This ﬁnding is highly relevant as it
reﬂects clinical practice. The week 96 virological response
rates for patients who received either of the study
regimens were consistent with those shown with 400 mg
raltegravir twice daily or 800 mg darunavir and 100 mg
ritonavir once daily in combination with tenofovir–
emtricitabine in previous studies of treatment-naive
adults with HIV-1.7,15 In the ARTEMIS trial,15 79% of
patients receiving ritonavir-boosted darunavir plus
tenofovir–emtricitabine had a conﬁrmed viral load of less
than 50 copies per mL at week 96, and in our study the
proportion was 82%.
Previous studies of NtRTI-sparing regimens, in which
non-nucleoside reverse transcriptase inhibitors were
combined with ritonavir-boosted protease inhibitors as
alternative ﬁrst-line antiretroviral therapy, showed no
compelling evidence of beneﬁt over standard regimens.16,17
Only a few studies have previously explored ﬁrst-line
NtRTI-sparing regimens comprising a ritonavir-boosted
protease inhibitor plus an integrase strand-transfer
inhibitor (panel). A pilot randomised trial showed similar
eﬃcacy and safety for an NtRTI-sparing regimen of
raltegravir plus ritonavir-boosted lopinavir and a
traditional three-drug regimen of tenofovir–emtricitabine
plus ritonavir-boosted lopinavir.18 That study, however,
included 206 participants and had a large non-inferiority
margin of –20%.21 In a phase 2, single-arm, open-label
study of 800 mg darunavir and 100 mg ritonavir once
daily plus 400 mg raltegravir twice daily in antiretroviralnaive patients, a 26% virological failure rate was seen after
48 weeks.22 As expected, patients with high viral load at
baseline were at increased risk of virological failure and
treatment-emergent integrase resistance, but the absence
of a control group limits the interpretation of these results.
Prespeciﬁed subgroup analyses in our study showed
that our NtRTI-sparing regimen was inferior to the
standard regimen in patients with baseline CD4 cell
counts lower than 200 cells per μL, but non-inferior
eﬃcacy was found in patients with baseline CD4 cell
counts higher than 200 cells per μL. The latter subgroup
included 85% of our study population and probably
reﬂects a large portion of the current target population
for ﬁrst-line treatment because guidelines recommend
early diagnosis of HIV infection and starting
www.thelancet.com Vol 384 November 29, 2014
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antiretroviral therapy to maximise treatment success
and prevention of transmission.23–25 Of note, there was
no signal for a diﬀerence in failure rates between the
two treatment groups for patients with baseline CD4
cell counts lower than 200 cells per μL and HIV-1 RNA
concentrations lower than 100 000 copies per mL and
for those with baseline CD4 cell counts higher than
200 cells per μL. We suggest, therefore, that raltegravir
plus ritonavir-boosted darunavir should be avoided as
ﬁrst-line therapy in patients with CD4 cells counts lower
than 200 cells per μL.
In the NtRTI-sparing group in our trial, the frequency of
emerging resistance mutations was higher than in the
standard regimen group. However, with only
six documented cases among 401 patients over a median
of 123 weeks of follow-up, the number of patients with
such mutations was small. By contrast, in the phase 3
ACTG 5142 trial17 39 (16%) of 250 patients receiving
efavirenz plus ritonavir-boosted lopinavir acquired
resistance mutations during a median follow-up of
112 weeks. The consequence of developing resistance in
our study was limited, as ﬁve of the six patients had
mutations that confer resistance only to integrase strandtransfer inhibitors and, therefore, the virus was still fully
susceptible to NtRTIs and protease inhibitors.
Furthermore, in these ﬁve cases, the emerging resistance
mutation was Asn155His, which is one of the key
pathways to resistance to raltegravir but which does not
lead to cross-resistance to the newer integrase
strand-transfer inhibitor dolutegravir.26 Of note, all
ﬁve patients who acquired emerging integrase resistance
mutations had HIV-RNA concentrations higher than
100 000 copies per mL at baseline.
Time to reach CD4 cell counts higher than 500 cells
per μL was shorter in the NtRTI-sparing group than in
the standard group, but whether this diﬀerence is
clinically relevant is unknown. Cohort studies have
shown that in individuals with HIV who attained a
long-term CD4 cell count of at least 500 cells per μL with
treatment, mortality rates were similar to those in the
general population.27
Discontinuation of treatment due to adverse events was
low and the rates were similar in the two groups. This
ﬁnding supports the overall good tolerability of
antiretroviral therapy and in particular the good safety
proﬁle of the two regimens used in this trial. Likewise, in
studies of integrase strand-transfer inhibitors, rates of
discontinuation because of adverse events during
96 weeks ranged from 2·4% to 4·9%.28,29 The fasting lipid
laboratory results favoured the standard regimen in our
study, whereas changes in estimated glomerular ﬁltration
rate favoured the NtRTI-sparing regimen.
The generalisability of our ﬁndings might be limited
by the fact that few women were enrolled and that most
of the participants had CD4 cell counts between 200 and
500 cells per μL at baseline. Lack of blinding is usually
deemed to be a limitation in randomised clinical trials.
www.thelancet.com Vol 384 November 29, 2014

Panel: Research in context
Systematic review
We searched PubMed with the keywords “antiretroviral therapy”, “clinical trial”, “HIV
integrase inhibitor”, “HIV protease inhibitor”, and “reverse transcriptase inhibitor” for
papers published in English between Jan 1, 2006, and April 1, 2014. Antiretroviral
therapy is now recommended for all patients with HIV infection to reduce the risk of
disease progression and prevent transmission. Recommended standard therapy is with
two nucleoside or nucleotide analogue reverse transcriptase inhibitors (NtRTIs) plus
either a ritonavir-boosted protease inhibitor, a non-nucleoside reverse transcriptase
inhibitor, or an integrase strand-transfer inhibitor, but tenofovir–emtricitabine, the
most frequently used NtRTI, is associated with renal and bone complications.2–4 HIV
requires lifelong treatment and, therefore, emphasis is put on identifying ﬁrst-line
regimens that combine optimum eﬃcacy with long-term safety. Several antiretrovirals
have been authorised for use in ﬁrst-line regimens on the basis of 48 week data. Data
from studies of longer-term follow-up periods are useful because they show whether
regimens are sustainable, convenient, and free from new emerging side-eﬀects. Week 96
results of randomised trials of NtRTI-sparing dual therapy with ritonavir-boosted
lopinavir and a second agent, such as efavirenz or raltegravir, compared with standard
ﬁrst-line triple therapy have been reported. Dual therapy had sustainable antiviral
eﬃcacy similar to the standard regimens, but occurrence of drug resistance at the time of
virological failure was more frequent and tolerability of ritonavir-boosted lopinavir or
efavirenz was poorer than with the standard regimens.17,18 The combination of atazanavir
plus raltegravir achieved virological suppression rates similar to the standard
combination of tenofovir–emtricitabine plus ritonavir-boosted atazanavir in
treatment-naive patients, but resistance developed to raltegravir and higher rates of
hyperbilirubinaemia were seen with twice-daily atazanavir compared with once-daily
ritonavir-boosted atazanavir.19 On the basis of these ﬁndings, further clinical
development of dual therapy with atazanavir plus raltegravir was halted. In combination
with two nucleoside analogues, raltegravir was well tolerated with a greater rate of
virological success after 5 years than that achieved with efavirenz in ﬁrst-line therapy.20
We did a 96 week trial of the NtRTI-sparing regimen of raltegravir and ritonavir-boosted
darunavir.
Interpretation
We did a phase 3 open-label non-inferiority design to compare this NtRTI-sparing
regimen with the standard regimen of ﬁxed-dose tenofovir–emtricitabine plus
ritonavir-boosted darunavir. Overall, the NtRTI-sparing strategy was well tolerated and
had similar eﬃcacy to the standard regimen at 96 weeks. Prespeciﬁed subgroup
analyses showed that the NtRTI-sparing strategy was less eﬃcacious than the standard
regimen in patients with CD4 cell counts lower than 200 cells per μL at baseline. Despite
a low rate of virological failure in the two treatment groups, emergence of resistance
mutations was increased in the raltegravir group. Overall, though, our ﬁndings suggest
that the NtRTI-sparing regimen of raltegravir and ritonavir-boosted darunavir was
non-inferior to standard therapy and represents an alternative option for ﬁrst-line
therapy in patients with CD4 cell counts higher than 200 cells per μL. Future
randomised trials of NtRTI-sparing regimens should explore new combinations, such as
ritonavir-boosted darunavir plus dolutegravir, or an integrase inhibitor plus a new nonnucleoside reverse transcriptase inhibitor. The latter combination could, theoretically,
notably improve tolerability. Such new combinations might be especially important to
investigate in the context of an ageing HIV population.

Blinding in this trial would have increased the pill
burden, which is a potential risk factor for decreased
adherence to treatment and might have limited external
validity of the results in practice conditions.30 As pill
1949
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burden is an important consideration in modern
antiretroviral therapy, we chose an open-label design to
allow both regimens to be administered as in real clinical
practice.31 In terms of internal validity, the only
component of the primary endpoint that might have
been subjective to some degree was insuﬃcient
virological response by week 18, but sensitivity analysis
of this feature, irrespective of treatment change, showed
the results to be robust. All other virological components
were assessed by testing in laboratories, in which the
staﬀ were unaware of treatment assignment.
A strength of this trial is that the composite primary
endpoint is of direct clinical relevance because it
combines virological and clinical components.32 The
clinical components were reviewed by the endpoint
review committee, whose members were unaware of
treatment allocations. Another strength of our design is
the non-inferiority margin of 9%, which compares with
margins of 10–12% in other trials.33 Thus, although the
upper bound of the two-sided 95% CI for the diﬀerence
in the proportion of participants reaching the primary
endpoint was only just below the 9% margin, the results
are still conservative compared with those in other noninferiority trials of antiretrovirals.
In conclusion, the NtRTI-sparing regimen of raltegravir
plus ritonavir-boosted darunavir was well tolerated and
was non-inferior to standard treatment with tenofovir–
emtricitabine plus ritonavir-boosted darunavir in
treatment-naive patients with CD4 cell counts higher
than 200 cells per μL.
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